We report the effect of a small hydrostatic pressure p ≅Ã1.4 kBar on the temperaturemagnetic field phase diagram of the organic conductor λ-(BETS) 2 FeCl 4 . At zero field a first-order superconducting (T C ≅ 5.6 K) to antiferromagnetic insulator transition (T N ≅ 4 K) is observed. The close proximity between both phases is suggestive of an unconventional superconducting pairing mechanism. Furthermore, the transition temperature towards the field-induced superconducting state (FISC), as well as its concomitant upper critical field, is found to increase by a factor of ~ 33 %. The phase diagram of the FISC state for both p = 1 Bar and 1.4 kBar are well described in terms of the Jaccarino-Peter effect if the quasiparticle nature of the charge carriers is taken into account.
INTRODUCTION
According to our current understanding of SC, in a particular compound, local magnetic moments, similarly to an external magnetic field, are expected to suppress SC via both destructive mechanisms: The Pauli [1] and the orbital effects. However, this commonly accepted scenario has been seriously challenged by the discovery of a series of ferromagnetic superconductors like UGe 2 [2] , ZrZn 2 [3] and the borocarbides [4] . In this context, the recent repport of magnetic field-induced superconductivity (FISC) in the magnetic organic conductor λ-(BETS) 2 FeCl 4 [5, 6] constitutes, perhaps, an unique example of a cooperative interaction between both types of orderings, where field-induced ferromagnetism becomes the essential ingredient for stabilizing SC in an antiferromagnetic insulator at very high magnetic fields (B) and at low temperatures (T). In fact, according to Refs. [6, 7, 8] , the measured dependence of the FISC's phase diagram on T and on B can be explained in terms of the socalled Jaccarino-Peter (JP) compensation [9] effect: An external field orients the S = 5/2 spin of the Fe 3+ ions which, in turn, exert an exchange field J<S> on the spins s of the conduction electrons via the exchange interaction, S s j & & ⋅ . Thus, the effective field H eff acting on the conduction electron spin is:
If J < 0, i.e., the coupling between localized and itinerant spins is antiferromagnetic, a certain external field µ B B can compensate the exchange field J<S>, which in presence of an attractive pairing mechanism allows the condensation of Cooper pairs. The JP scenario has been confirmed by measurements of the phase-diagram [10] as well as of Shubnikov de Haas (SdH) oscillations [11] in λ-(BETS) 2 Fe x Ga 1-x Cl 4 alloys. However, a few aspects of the phase diagram of the λ-(BETS) 2 FeCl 4 compound still remained unclear. Namely, the nature of the AFI ground state, the reason for the absence of SC at zero field and, in particular, the explanation for the deviations respect to the simple JP description, as seen in the diagram of Ref. [6] , at low T. This last aspect has been recently treated in Ref. [12] and the authors conclude that the data in Ref. [6] can be well fitted to the JP description only if a non-uniform SC sub-phase, the so-called LOFF state [13] , is taken into account assuming an anisotropic 2D electron spectrum. Fe ions [15] . The application of 1.4 kBars decreases the resistivity by a factor of ~ 3 at low T while the downturn observed in the resistivity is displaced from ≤ 70 K to nearly to T ≥ 200 K. These observations are consistent with an increase in overlap of the π orbitals resulting from the pressure-induced unit cell reduction. At low T an abrupt drop in ρ || , by nearly two orders of magnitude, precedes the AFI state which is displaced to T N ≅ 4 K. Figure 1 b) shows the B dependence of the in-plane resistance R at several T as indicated in the figure. As seen in the traces taken at higher T, this highly conducting state is suppressed by the application of an external field H C2 ≅ 2.5 T, confirming the SC nature of this phase. This value of H C2 is much lower than what is obtained for the isostructural SC compound λ-(BETS) 2 GaCl 4 [16] , indicating that SC is destroyed by the polarization of the Fe +3 moments. A considerable amount of hysteresis is associated to this transition as can be seen, for example, by comparing both figures: In a) the AFI state appears at T N ≅ 4.0 K while in b) the system still appears to be in the SC state at 3.4 K. These observations suggest the coexistence of domains of both phases, i.e., a phase transition of the first-order. The re-entrance of superconductivity or the close proximity between AF and SC phases is observed in many different systems ranging from cuprates to organic superconductors, and has been suggested to be an evidence for magnetically mediated SC [18] . Here not only SC coexists with localized magnetic ions, but immediately precedes the AF phase in a very narrow range of temperatures upon cooling. The close proximity of SC to a state which has been claimed to be a Mott insulator [8, 19] , would imply that it cannot be treated in the weak coupling limit. At lower T, the AFI is suppressed by an external field of the order of ≅ 5 T, and at a T dependent critical field B C ≥ 15 T the resistance drops by more than 2 orders of magnitude, reaching the level of sensitivity of our experimental set-up, due to the entrance into the FISC state. The FISC state clearly appears at lower critical fields B C than those reported in Refs. [5, 6] . In order to study the overall effect of p on the B -T phase diagram of the FISC state, detailed T dependent measurements were performed in fields ranging between 11.5 and 45 T. In Figure 2 we plot the T-B phase-diagrams for both values of p. Its upper panel contains the data from Ref. [6] 
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Here, one of the main observations is the p-induced broadening of the entire B-T diagram of the FISC state: Under pressure, the FISC state still develops progressively with decreasing T but the onset of its maximum transition temperature increases up to T C ≅ 5 K, i.e., increasing nearly 11 %. Furthermore, at T = 2 K and p = 1 Bar the metallic to FISC transition takes place B C ~ 23.7 T (middle point of the resistive transition) and is suppressed at an upper critical field B C2 ~ 42 T. While under 1.4 kBar both transitions take place at ≅ 18.6 T and ≅ 43 T respectively. This represents a broadening in ∆B = B C -B C2 of ~ 35 %. As seen below, this is also incongruent with the observed reduction in the width of the temperature dependence of the resistive transition towards the FISC state under pressure. Also, at p = 1 Bar the width of the resistive transition defined as τ = (T onset -T C )/ T C (where T onset and T C correspond respectively to the onset and to the foot temperatures mentioned previously) is remarkably large τ = 0.8 in the vicinity of B * ~ 32 T, particularly if we compare with what is seen in the isostructural Ga compound where τ ranges between 0.45 and 0.65 [20] or with the transition seen at B = 0 and p = 1.4 kBar where τ ≅ 0.17. Notice that T C as defined here increases by a factor of ~ 33 % under pressure. This is a surprising result, since the bandwidth is expected to increase under pressure leading to a decrement in the density of states and thus in T C . Furthermore, τ is found to decrease to a value of 0.44 under p = 1.4 kBar suggesting an improvement in sample homogeneity/quality (also consistent with the increment in the conductivity of the metallic state seen in Fig.1 ). In this system the SC layers are virtually decoupled implying that its effective dimensionality is 2 and thus that the effects of the SC fluctuations are relevant and responsible for τ. This behaviour bears similarities with so-called pseudogap phase seen in the cuprates [21] and also in 2D organic compounds [22] where the slope of the in-plane metallic state resistivity increases below a certain temperature T * > T C upon cooling. The estimated Ginzburg parameter G i ≅ 10 -2 is comparable to that observed in cuprates which further justifies this analysis. Due to the uncertain nature of the region represented by B * we have chosen only the region below T C as the actual phase boundary for the FISC state. Thus, in 1 F + T C (K) [23] . F 0 a is the so-called Landau parameter that takes into account the effective interactions between the quasiparticles. In contrast to our previous work [6] , for both pressures a fairly reasonable fit is obtained for a value F 0 a ≅ 0.26 including also, as in Refs. [6, 12] , a LOFF sub-phase for which we assumed a two-dimensional isotropic dispersion. However, given the incertitude related to the nature of the region comprised within τ and consequently to the location of the phase boundary of the FISC state, these fits, as those of Ref. [12] , cannot be taken as a solid but only as an indirect evidence for the LOFF state in this system.
